Abstract This paper provides one of the first empirical studies that examine the impact of climate change adaptation practices on technical efficiency (TE) among smallholder farmers in Nepal. An adaptation index is used to explore the impact of farmers' adaptation on TE using the stochastic frontier analysis framework. Data for six districts of Nepal representing all three agro-ecological regions (terai, hill, and mountain) were collected from a focus group discussion, a stakeholder workshop and a household survey. The survey shows that about 91% of the farming households have adopted at least one practice to minimize the adverse impacts of climate change. Empirical results reveal that adaptation is an important factor explaining efficiency differentials among farming households. Those adopting a greater number of adaptation practices on a larger scale are, on average, found to be 13% more technically efficient than those adopting fewer practices on smaller scale. The empirical results also show that average TE is only 0.72, indicating that there are opportunities for farming households in Nepal to further improve productive efficiency, on average by 28%. Other important factors that explain variations in the productive efficiency across farming households include farmer's education level, irrigation facilities, market access, and social capital such as farmer's participations in relevant agricultural organizations and clubs. This study provides empirical evidence to policy makers that small scale adjustments made by farmers in response to climate change impacts are effective in improving farmers' efficiency in agriculture production. This indicates a need for farmers' involvement in climate change adaptation planning.
Introduction
It is now accepted that climate change has become a serious threat to agriculture. With more than 60% of the population in developing countries dependent on agriculture, climate change is expected to have an increasingly severe impact on their livelihood and food security (Bandara and Cai 2014; Sarker et al. 2014; Wheeler and Von Braun 2013) . The Intergovernmental Panel on Climate Change (IPCC 2007) concludes that even small increases in temperature can decrease agricultural yields at lower latitudes, and that, beyond two degrees of warming, reduces potential yields in most regions of the world. Akram (2012) demonstrates this negative and significant relationship between climate change and agricultural productivity in a study of Asian countries. At present, more than 800 million people are estimated to be experiencing some form of shortage in food supply (FAO 2014) . Thus, unless appropriate actions are taken to minimize the negative impacts of climate change, the risk of food insecurity is likely to increase. While a significant body of research exists which assesses the impact of climate change on agriculture, further research is needed to identify appropriate adaptation strategies and their impact on agricultural production.
Farmers have been making adjustments in their management techniques in response to the acceleration in climate change. Such adaptations have been defined as the adjustments in natural or human systems in response to actual or expected climatic stimuli or their effects, which moderates harm or exploits beneficial opportunities (IPCC 2001) . Some studies indicate that implementation of suitable adaptations reduces the impacts imposed by climate change and increases agricultural productivity (Di Falco et al. 2011; Finger et al. 2011; Mendelsohn 2000) . However, identification of farmers that adopted actual climate change adaptation practices is challenging given farmers who are making adjustments in their farming practices in response to various factors such as price fluctuations, technology availability, and policy changes are likely to state that they are also adapting to climate change (Huang et al. 2015; Khanal et al. 2018; Lobell 2014) .
Another challenge in studying adaptations by smallholder farmers is the aggregation of multiple adaptation practices that are exercised on a small scale. Several studies have empirically measured adaptation at the farm level (Deressa et al. 2009; Hassan and Nhemachena 2008) most of which have investigated the relationship between adaptation and other explanatory variables. In these cases, adaptation is taken as a categorical dependent variable (Deressa et al. 2009; Di Falco et al. 2011) . In practice, there could be variations in the use of adaptation measures given a single farmer can apply multiple adaptation practices. Some further studies have measured overall adaptation as the total number of adaptation practices employed by farming households (Esham and Garforth 2013; Niles et al. 2016) . In reality, of course, all the adaptation practices are not equally important in adapting to climate change impacts. Below et al. (2012) developed an activity-based adaptation index using it to explore the relationship between socioeconomic variables and farmers' adaptation behaviors. Their study addressed the weighting problem by using local expert knowledge for site-specific weighting of indicated variables and sub-components. The weakness of this study is that, in creating an adaptation index, it accounts only for the incidence of various adaptation practices adopted, without considering the scale at which those practices are actually carried out at the farm level.
Using household level data from Nepal, this study assesses the impact of a set of climate change adaptation practices on farm production efficiency. Nepal is an ideal case study for studying farmers' adaptation to climate change for a number of reasons. First, agriculture has historically been a dominant sector in Nepal, contributing about 35% of total gross domestic product and employing 70% of the population (MoAD 2012). However, Nepalese farmers grow crops under uncertain environments as rain-fed farming accounts nearly for two-thirds of the cultivated area (MoAD 2012). Changing climate and the resultant variability in local climatic conditions such as prolonged droughts and unseasonal rains affect much of the agricultural production in the country. For example, due to unfavorable weather conditions in 2012/13, rice, maize, and millet production fell by 11.3, 8.3, and 3 .0% respectively compared to the previous year (MoF 2013). In 2013/14, rice could not be planted in an area covering around 50,000 ha due to inadequate rainfall (MoF 2014). Second, the wide range of altitude and climate has given rise to different agricultural land types and associated ecosystems. The impact of climate change has therefore been observed differently in different regions demanding location-specific climate adaptation strategies (Chhetri et al. 2012) .
Third, to address the issue of climate change, different adaptation programs have been initiated in Nepal at the national and local level. The government of Nepal prepared the National Adaptation Program of Action (NAPA) in 2010, the Local Adaptation Plan of Action (LAPA) framework in 2011, and Climate Change Policy in 2011 which identified well-defined priorities for climate change action.
Given this background, this study first assesses the actual adaptation practices adopted by farming households in response to the adverse agricultural impacts imposed by climate change by precisely linking the climate change parameter, impacts in agriculture, and the adaptation practices. Second, this study expands on previous research on the creation of adaptation indexes by assessing the adaptations taking into account the importance of adaptation as perceived by the local stakeholders and the actual level of implementation of particular adaptation practices at the farm level. Finally, this study examines the impact of adaptations on farming households' technical efficiency in agriculture production employing the stochastic production frontier framework. Based on the estimates of a stochastic production frontier and an associated inefficiency model, this study examines the differences in levels of efficiency across low-and high-level adaptive farming households. As in many developing countries, farmers in Nepal are exposed to market imperfections and constraints (Janvry and Sadoulet 2006) . Indeed, in some cases, markets do not even exist. Given these input and technology constraints on smallholder farmers, this study investigates the farming community's potential to enhance agricultural output from the use of available resources and based on the state of the technology available.
Materials and methods

Study area
Topographically, Nepal is broadly divided into three regions: the terai in the south, the hill in the center, and the mountain in the north. The terai constitutes 35% of total land in the country of which about 38% is cultivated, is relatively flat, and of high agricultural potential. The most important crops grown are rice, wheat, and maize. The hill region constitutes 42% of total land of which about 15% is cultivated. The region comprises steeply sloped lands with several small valleys and is in the range of 800 to 4877 masl. Maize, rice, and wheat are the most important crops grown in the region. The mountain region constitutes 23% of total land area of which about 4% is cultivated. The region ranges in altitude from 4877 to 8848 masl and consists of steeply sloped lands and snow-covered mountains with few valleys. Barley, wheat, and buckwheat are the major crops grown in this region with livestock also play an important role.
Administratively, Nepal is divided into 75 districts. In this research, two districts from each ecological region were selected: Mustang and Rusuwa from the mountain region; Kaski and Dhading from the hill region; and Chitwan and Rupandehi from the terai region.
1 The field study was conducted by means of randomly selecting two village development committees (VDCs) 2 in each district. The unit of analysis is the farming household, which is the decision making unit in the agricultural production process. We selected 120 households from each district through a simple random sampling technique. Our total sample size was 720. However, we had to exclude a small number of observations (16) during the analysis because of missing information on input and output variables.
Data
Data on adaptation practices at the household level, and inputs and outputs used in agricultural production and other socioeconomic characteristics, are drawn from the household survey. Selection of data follows the existing literature (Chen et al. 2009; Rahman and Rahman 2009 ). The output variable is measured as the total value of agricultural production 3 in Nepalese rupees (NRs). Inputs include the area of land under cultivation measured in hectares, labor used in crop production measured in man-days, the quantity of fertilizers used measured in kilogram, and capital input measured in NRs. Capital input includes the expenditure on pesticides and seeds. For specific crops, the output variable is the particular crop production measured in kilograms, while the input variables are land (ha), labor (man-days), fertilizer (kg), and seed (kg) used to produce the specific crop.
A total of six variables representing adaptation and other socioeconomic characteristics 4 of the farming households are included in the inefficiency effects model. Socio-economic variables include farming experience of household head in years, education of household head in years, distance to market in kilometers, share of irrigated land calculated as the percentage of irrigated land to the total cultivated land, the adaptation index measured using Eqs. 1 and 2, and membership in a farmers' group or association. The latter variable is measured as a dummy variable that takes the value 1 if any member of a household is a member of a farmers' group or association. We also included the age of the household head and the total number of crops grown. However, initial analysis of the sample data produces a strong correlation between age and farming experience, and number of crops and adaptation. Age and number of crops were therefore excluded in our data in favor of farming experience and the adaptation index.
In the inefficiency model, we treated adaptation as an exogenous to the farming household, since farmers are adopting adaptation practices in response to the exogenous shocks such as 1 The map of Nepal showing the ecological regions and the study districts is presented in Supplementary  Figure 1 . 2 AVDC is an administrative unit in Nepal similar to municipality which is further divided into nine wards. Each ward constitutes one several villages. 3 Total value of agricultural production is measured as the sum of the value of all the crops produced by a household. This includes the value of both the sold quantity and that kept in the house for family consumption. We used the market prices of all the produces as provided by the farmers. 4 Selection of these variables is based on existing literature (e.g., Binam et al. 2004; Chen et al. 2009; Coelli and Fleming 2004; Rahman 2011). due to increases in temperature and rainfall variability. In the field household survey, we asked farmers whether the adoption of adaptation practices was due to climate-related exogenous shocks or not. To ensure that the adaptation practices that farmers adopt were a consequence of climate change and not due to other pressures, the following three contingent questions 5 were asked: (1) do you perceive any changes in the local climatic condition in the last 15-20 years?
If yes, what are they? (2) What have been the impacts of these changes in agricultural production? (3) What have you done to deal with these changes? The details of farmers' perception of changes in weather parameters and impacts on agriculture are shown in Supplementary Fig. 2 and Supplementary Table 1, respectively. The results indicate that about 95% of the respondents had perceived there were changes in weather parameters, and 91% of the farming households had undertaken adjustments in farming practices in response to such changes. Our results show that farmers who undertake adaptation practices include both those who are efficient and inefficient. Table 1 presents a summary of the inputs, output, and household-specific sociodemographic information. It shows that a typical farming household in Nepal, on average, cultivates 0.56 ha of land area, of which about 60% is irrigated and produces agricultural products with an average value of NRs 50,727.56. On average, the household head has 6.6 years of education and a farming experience of 24 years. On average, the farming households are located 8 km away from the nearest market, and about 62% of the households have at least one family member associated with farmers' groups or associations.
Measuring farm level adaptation
To investigate farmer adaptation practices, we first identified those that are currently used by farmers in the study area through a review of the literature and the focus group discussions (FGDs) 6 with farmers in respective villages. In this study, adaptation has been defined as the proactive measures undertaken by farmers to minimize the impacts of climate change and variability. Thus, this study is distinct from ex-post adaptation and mitigation studies and only considers ex-ante adaptations employed for the prevention of potential harm from likely impacts of climate change. The practices that had been implemented by farmers for many years without reference to climate change impacts were not taken into consideration. Then, we conducted stakeholders' workshops 7 in each agro-ecological region to assign weights to adaptation practices. The participants in the workshops were local agricultural and extension experts from governmental and non-governmental organizations, leader farmers, and key informants in the area. Through thorough interactions with stakeholders' participants, scores were assigned for each adaptation in relation to effectiveness, feasibility, and sustainability. A 10-point Likert scale was used for rating the practices based on all three criteria: 10 representing very effective and 0 being not effective at all. Similarly scores for feasibility and sustainability were given based on a 10-points scale. These three scores were then added to obtain the total weight of an adaptation practices. Through the household survey, we assess the actual adaptation practices used by farmers on their farm lands.
Following Below et al. (2012) , we calculated adaptation as the sum of the weighted adaptation practices of the farmer:
where AI j adaptation index of household j; w 1 weighting factor of adaptation practice 1; v 1j jth household value for practice 1 (which takes the value 1 if the jth household adopted practice 1 and 0 if not adopted).
For specific crops, we calculated the adaptation index based on the number of years and the percentage of area where the particular adaptation practice is exercised by an individual farmer. In the above formula, the crop-specific adaptation index of an individual farmer V 1j is given by: V 1j jth household value for practice 1 with respect to the numbers of years and area of practice implementation.
y 1j 1 if the household j is implementing practice 1 for less than 2 years, 2 if the household j is implementing practice 1 for 2 to 5 years, 3 if the household j is implementing practice 1 for more than 5 years, a 1j proportion of total area under practice 1 of the jth household.
Efficiency estimation
Stochastic production frontier model was simultaneously introduced by Aigner et al. (1977) and Meeusen and Van den Broeck (1977) and has been increasingly used to estimate technical efficiency (TE) (Kompas and Che 2006) . The TE of an individual unit is defined as the ratio of observed output to the corresponding frontier output, given the level of inputs used by the farm (Battese and Coelli 1995) . Many studies used a second stage regression method to determine the farm-specific attributes in an attempt to explain the observed differences in efficiency among farms. However, Battese and Coelli (1995) incorporated farm-specific characteristics in the efficiency model directly. This model allows estimates of the farm-specific sources and the factors explaining efficiency differentials among farms in a single procedure. We adopted this model and used Frontier 4.1 software (Coelli 1996) for the analysis. The general form of the model is:
where Y i is the logarithm of the production of farm i, X i is the vector of the logarithm of input quantities used by farm i, β is the vector of unknown parameters to be estimated, V i are random variables that are assumed to be identically and independently distributed, N (0, σ 2 v ) are two-sided random errors, independent of U i , representing random shocks, such as exogenous factors, measurement errors, omitted explanatory variables, and statistical noise, U i are non-negative random variables, associated with inefficiency in production, which are assumed to be independently distributed as truncations at 0 of the N (m i , σ 2 u) distribution; where
m i is the inefficiency of farm i, z i is the vector of variables which may influence the inefficiency of a farm, and δ is vector of parameters to be estimated.
The maximum likelihood method is used to estimate the unknown parameters, with the stochastic production frontier and the inefficiency effects. Following Battese and Coelli (1995) , the likelihood function is expressed in terms of the variance parameters, σ 2 = σ 
where Y i * is the production of farm i. In the case of the production frontier, EFF i will take a value between zero and one. The efficiency of production of farm i, given the level of inputs, is defined by as exp. (− U i ), a log form-dependent variable.
A functional form for the production function must be selected to estimate the stochastic production model represented by Eq. (3). The most commonly used functional forms of production efficiency of agricultural farms are Cobb-Douglas (CD) and Transcendental Logarithmic (TL) (Thiam et al. 2001) . The TL functional form is more flexible and makes fewer assumptions about the form of the production function, but it seems less appropriate for small data sets, as more parameters have to be estimated. We first specify CD production function and test the appropriateness of CD against the TL form. The Cobb-Douglas functional form is expressed as
where, Y is the output variable, X 1-4 are the four input variables included in the study, V i is the random noise, and U i is the inefficiency term. The TL functional form differs from the CD functional form in that second-order coefficients and interactions among the input variables are included. The TL functional from is expressed as
By following the maximum likelihood method, we estimate an envelope frontier which is obtained by pooling all the sample observations across regions. Given the geographical variations across the agro-ecological regions in Nepal and the differences among the producers in terms of resources and knowledge, the application of a metafrontier production function is seen as an option (O'Donnell et al. 2008 ). However, there exist various similarities among farming households across the regions. Farming households in all three regions grow crops such as maize, wheat, buckwheat, legumes, and oilseeds. Thus, there are opportunities to share learnings among farmers across the regions. Moreover, the adaptation practices are implemented on a small scale, and most of the practices are available to all the farming households. The descriptive statistics suggest that about 90% of the farming households have adopted at least one adaptation practices to combat climate change impacts. By estimating a common frontier, comparable technical efficiency scores are provided for firms across different regions and between high and low adaptive farming households.
Results and discussion
Climate change adaptation in the study sites
In response to long-term perceived changes in climatic parameters, Nepalese farm households have undertaken a number of adaptation measures. A total of 24 practices were identified through a literature review and from focus group discussions with farmers in the study sites. From the household survey, we asked the farm households if they had adopted these practices in response to the long-term changes in temperature and precipitation and the resultant impacts such as drought, flood, rainfall variability, and increased infestation of diseases and insects.
The household survey results showed that about 91% of the farm households had undertaken at least one adaptation measures in response to the changing climate ( Table 2 ). The most commonly used adaptation measure is the change in planting and harvesting date (42.5%) followed by growing diverse crops and varieties (39.7%), farm yard manure management (36.9%), and improving or increasing irrigation (33.2%). The frequencies of adoption of adaptation practices differed by agro-ecological regions ( Table 2 ).
The importance of the adaptation practices based on their effectiveness, feasibility, and sustainability are shown in Fig. 1 . The weight ranges between 4 and 26. As ranked by the local stakeholders, the relatively most important practices are improving and increasing irrigation, agroforestry, farm yard manure management, and growing diverse crops and varieties. The average adaptation index is 90.1. The regional level calculation of the adaptation index shows that farmers in the terai, hill, and mountain regions have average adaptation index values of 99.1, 115.3, and 56, respectively. The results show the average adaptation index per farming households for rice, maize, and wheat is 76.7, 67.1, and 53.5, respectively. As mentioned previously, the higher the adaptation index, the greater the number of important adaptation practices which are adopted by farming households on a larger scale.
Econometric results
The maximum likelihood estimates for the estimated CD and TL models are presented in Table 3 . The results show that the estimated mean output elasticities of all the four inputs in the CD model were positive and significantly different from zero (P < 0.01) indicating a positive relationship of the input variables with crop production. The results of the TL model are interesting. While the coefficients of land, labor, and fertilizer are not significant, the coefficient of land squared is positive and significant. This indicates a U-shaped curve, meaning that farmers with larger landholdings are more productive compared to the smallholder farmers. The coefficient of labor squared and capital squared are negative and significant, indicating that, after a certain point in the production process, higher quantity of labor and capital investment are not beneficial in increasing agricultural production. The coefficient of capital is positive and significant revealing a 1% increase in capital raises agricultural production by 0.51%. The sum of the first-order coefficients of four inputs which are referred to as the scale elasticity reveals decreasing returns to scale in both the models. This suggests that, for the farming households under study, an increase in all inputs by a certain proportion would result in a less than proportionate increase in output. The decreasing returns to scale is common in agricultural production (Neumann et al. 2010) . The variance parameter γ is 0.65 which is significantly different from zero in both models. This indicates that about 65% of the error variation in the production function was due to the inefficiency error U i . A CD versus a TL specification was tested using a generalized likelihood ratio test. The resulting test rejects the null hypothesis 8 of CD in favor of the TL model at the 5% significance level. Hence, the TL functional form is more appropriate than the CD functional form for our data. We therefore chose the TL model estimates to further explain the results. 
Technical efficiency scores
The TE scores obtained based on the estimated production function revealed the presence of inefficiency among the farming households. The mean TE is 0.72 ranging from about 0.14 to 0.93, indicating that farming households, on average, could increase agriculture production by 28% while using the same level of inputs. The results show that about 68% of households were below the efficiency score of 80. The results indicate that if the average farmer of the sample could achieve the TE level of its most efficient counterpart, average farmers could increase output by approximately 23% (i.e., 1-72/93). Similarly, the most inefficient farmer could increase output by approximately 85% (i.e., 1-14/93), if the level of TE could be increased to its most efficient counterpart. However, given the input mix may be costed differently, this does not imply an increament in profitability. Table 4 shows the mean efficiency scores obtained by key characteristics of the farming households. We find that farming households with a higher adaptation index are on the average 13% more efficient than those with a lower adaptation index. Farming households with a relatively higher education level for the household head are about 9% more efficient than those with a lower education level. Similarly, households with larger landholdings are (7%) more efficient than those with smaller landholdings. Households growing a higher number of crops are (4%) more efficient than those growing fewer crops and households involved in selling agricultural products are (7%) more efficient than those growing only for household consumption. The results further show that farming households in the hill and terai regions are 13% more efficient than farming households in the mountain region of Nepal. Table 5 shows the effect of adaptation on TE across agro-ecological regions and by crop types. In all three regions, the TE score of farming households with the higher level of adaptation is significantly greater than households with a lower level of adaptation. The a We divide the sample into two groups based on adaptation level, education level, and farm size with median in the sample as the breakpoint households with the relatively higher level of adaptation are 10, 9, and 16% more efficient than households with the lower level of adaptation in the terai, hill, and mountain regions, respectively. The results also show that farming households in the mountain region are more responsive to adaptation. Nevertheless, there is considerable scope for increasing efficiency and hence production by better application of key adaptation practices in all regions but which would have a more marked effect in the mountain region. Farmers are adopting diverse adaptation practices in different crop fields (Supplementary  Table 2 ) which are affected differently by climate change. By following the maximum likelihood method and using Eq. 7, we estimated stochastic production frontier for three major crops grown in Nepal: rice, maize, and wheat. 9 The estimated parameters are shown in Supplementary Table 3 . The average TE scores for rice, maize, and wheat are 0.76, 0.79, and 0.77 respectively indicating the considerable scope for increasing production at the existing level of inputs and technology. For all the crops, the average TE score of farming households with the higher level of adaptation is significantly greater than households with the lower levels of adaptation (Table 5 ). This reveals the opportunity to increase production of major crops by practicing better adaptation measures on a larger scale.
Technical inefficiency effect
The results indicate that the variables included in the technical inefficiency model are important in explaining the levels and variations in agricultural production in Nepal. Households adopting a greater number of adaptation practices on a large scale are shown to be more efficient than those implementing fewer adaptation practices on a smaller scale.
The effect of farming experience on TE is positive and significant. This result indicates that farmers with more years of farming experience exhibited higher levels of TE. This result is similar to the findings of Chen et al. (2009) and Omonona et al. (2010) . It suggests that the more experienced household heads can better manage agricultural activities and adapt to new farming practices than less experienced ones, thereby increasing the TE of agricultural production. The coefficient of variable education is negative and significant. While some studies reported positive effects of education on (Asadullah and Rahman 2009; Solís et al. 2009 ), others provided evidence of negative effects (Coelli and Fleming 2004) . The distance to market is positively associated with technical inefficiency. The reason behind this may be that the farming households living near to market have easy access to inputs such as fertilizers, seeds, pesticides, and farming equipment allowing timely application of these inputs and thereby raising the efficiency of production. Furthermore, better access to markets may increase farmers' motivation to put more effort in agricultural production for sale in markets, thereby increasing production efficiency.
The farming households that are associated with farmer groups or associations are found to be more efficient than those do not. A general expectation is that farmers share information on farming practices, markets, and other production-related issues in groups that enhance their skill and knowledge in farming. This result is consistent with the findings by Binam et al. (2004) in a Cameroon study. However, it is at odds with the earlier findings of Binam et al. (2003) that membership of a farmers' association negatively affects the TE of maize farmers in Malawi.
Conclusion
The results of this study of Nepalese farmers clearly reveal that implementation of adaptation practices designed to combat the negative impacts of climate change, increase agricultural production efficiency. The result shows a significantly higher TE of farming households that are applying a greater number of adaptation practices on a larger scale compared to the farming households whose adaptations are on a smaller scale. Also, adaptation is found to be an important factor in explaining efficiency differentials between farming households. These conclusions suggest that farmers' knowledge and skills relating to understanding changes in local climatic conditions and their response strategies should be taken into consideration when planning adaptation actions. This could be achieved by involving farmers in the adaptation planning process itself.
The results also reveal that Nepalese farmers are not fully technically efficient suggesting agricultural production could be increased under existing technological conditions. Efficiency improvements can thus be achieved by raising the education level of farmers and by better market development through targeting local agricultural production. Equally, TE can be further improved by encouraging farmers to join agricultural-related associations and via the formation of farmer's groups and promoting exchanges on improved cultivation practices by interacting with other farmers.
Methodologically, this study has two important contributions. First, it advances the methods which measures adaptation practices exercised by small scale farmers taking into account the scale of implementation. The other contribution is that it demonstrates the importance of comparing the household surveys results between Nepal's multiple regions and between different crops. In this way, the robustness of key relationships across samples is tested. Such comparisons can have important implications relating to whether policies aimed at increasing productivity in one region or a particular crop can be applied to others.
Our study does have limitations. It uses cross-sectional and household level data. However, panel and farm level data could capture the long-run impacts of adaptations on production efficiency. Given the geographical and resource base differences, the metafrontier approach could be utilized to examine the technological gaps across the ecological regions. Furthermore, in assessing the impact of climate change adaptation practices on production, we only take into account TE. However, consideration of profitability and the environmental impact of such practices are equally important. Further research and analysis is therefore clearly warranted to investigate the economic and environmental efficiency of implementing climate change adaptation practices at the farm level. Fig. 1 Weighting of adaptation practices by ecological regions based on effectiveness, feasibility and sustainability
